Pourbabaei H, Haddadi-Moghaddam H, Begyom-Faghir M, Abedi T. 2013. The influence of gap size on plant species diversity and composition in beech (Fagus orientalis) forests, Ramsar, Mazandaran Province,.This study was conducted to investigate the influence of gap size on plant species diversity and composition in beech (Fagus orientalis Lipsky.) forests, Ramsar, Mazandaran province. Fifteen gaps in small, medium, and large sizes were randomly selected. Abundance of tree saplings, shrubs and herbaceous species were counted on 4 m 2 micro-plots within the gaps. Diversity indices including Shannon-Wiener, Simpson, Mc Arthur's N 1 , Hill's N 2 , species richness and Smith-Wilson's evenness index were computed. The results revealed that there was significant difference among three gap categories in terms of diversity. The highest diversity values of tree and herbaceous species were obtained in the large gaps, while the highest diversity value of shrub species was in the medium gaps. Species composition of small gaps (28 species: 7 trees and 21 herbaceous), medium gaps (37 species: 7 trees, 5 shrubs and 25 herbaceous) and large gaps (40 species: 7 trees, 4 shrubs and 29 herbaceous) were recognized. Therefore, based on the results of this study, it is recommended that in order to maintain plant diversity and composition up to 400 m 2 gap size cloud be used in this forests.
INTRODUCTION
The oriental beech (Fagus orientalis Lipsky.) is a deciduous tree species (Salehi et al. 2011) , distributed from Macedonia, Bulgaria, northwest Turkey (Asia Minor), Azerbaijan, Caucasus to Iran (Rechinger 1963 (Rechinger -2010 Komarov 1934 Komarov -1963 . Iranian beech forests are dominant in the Montane and submontane zones of central and western Caspian forests (Mobayen and Tregubov 1970; Asli and Nedialkov 1973) . These forests occupy approximately 18% of the forested area (Bayramzadeh et al. 2012 ) and comprise the most productive and important commercial forests in the Caspian zone (Salehi et al. 2011 ). However, these forests are subjected to constant changes (Sampson and DeCoster 1998) , a variety of natural and anthropogenic perturbations (Odum and Barrett 2004; Thompson 2010; Alongi 2007) . Several researches were carried out on forest structural changes, silvicultural system and especially gap silviculture system (Tuomela et al. 1996; Albanesi et al. 2005; Boudreau and Lawes 2005; Renato and De Lima 2005) .
A planned program of silvicultural treatments (British Colombia 2003) ensures the conservation and maintenance of biological diversity and richness for sustainable forestry (Torras and Saura 2008; Schumann et al. 2004; Battles and Fahey 2000; Simila et al. 2006) . Whenever one or several number of trees fall in the forest, certain physical space is created this is called gap (Denslow 1987; Runkle 1991) . Based on Gray and Spies (1996) gaps are two types: I) Natural gaps formed by falling single tree or a small group of trees, produced by windfall or broken trunk and II) Artificial gaps created by man as a result of single or group cutting of trees.
Several investigators reported the effect of gaps on maintaining and enhancing biological diversity (Poulson and Platt 1989; Coates 2002; Gray and Spies 1996; Albanesi et al. 2005) , their importance to the species dynamics of forests types (White and Pikett 1985; Platt and Strong 1989) and their impact on soil (Haghverdi et al. 2012) . Several investigations about gap's characteristics especially gap size (Sagheb-Talebi 1995; Mousavi et al. 2003 ), shape, dynamics (e.g. McCarthy 2001 Fujita et al. 2003; Zeibig et al. 2005; Kenderes et al. 2008 ) and its relation to plant diversity and species richness (Gray and Spies 1996; Goleij 2006; Scheller and Mladenof 2002; Heywood and Watson 1995) have been carried out in different forests of the temperate regions.
Many outstanding studies have been done in the Caspian forests. Tabari et al.(2003 Tabari et al.( , 2007 , Tabari (2008) Amanzadeh et al. (2009 ), Esmailzadeh et al. (2011 ), Fallahchai et al. (2011 ), Parhizkar (2011a and Sefidi et al. (2011) . However, there is no information about effect of selective cutting method gap size on plant species diversity in Ramsar's beech forests. So, the main objectives of the present study were to investigate plant species diversity and compositions among different gap categories created by this method of forest management and identify the best gap size which can help achieving sustainable diversity in these forests.
MATERIALS AND METHODS
The study area is components No. 13 and 14 of district No. 5 locate in watershed No. 30 of Ramsar's Safaroud forest management plan, Mazandaran, Iran (Figure 1 ). This area has approximately 140 hectare. Altitude range from 1000 to 1200 m asl. and the slop is 25% to 50%. General aspect is northwest. This area locate at 50° 35΄12˝ E and 36° 55΄ 8˝N. Safaroud forest has moderate to cold temperate climate according to the Emberger formula. The mean annual temperature is 15.8 °C (the hottest month is June (24°C) and the coldest is January (7°C)). Mean annual rainfall is 1366 mm. The parent material of the region is limestone, with moderate to good permeability. Soil type is washed brown with Argillic horizon containing loam-clay and coarse and polygonal structure. This region has moderate to deep soil depth (60-70 cm) and mull humus (OFRW 2007) .
The components were identified by forest surveying. Gaps derived from logging which are located at north west aspect, with approximately similar slope were identified and divided into three size categories (small, medium and large) (Table1). Then, 5 gaps were randomly selected from each category (totally, 15 gaps) (Berg and Van Lear 2004) . 2 m×2 m sampling plots were systematically taken along two diameters of each gap in with 1m interval (Figure 2 ). Gaps areas were calculated using ellipse method based on the following equation (Runkle 1991; Renato and De Lima 2005) . S = R 1  R 2 π /4 S = ellipse area, R 1 = Large diameter, R 2 = Small diameter The number of individuals of tree saplings and shrubs were counted and coverage percent of herbaceous species were estimated using Domin's criteria in each sampling plot (Mueller-Dombois and Ellenberg 1974). Then, number of species within each gaps were measured and the Simpson (1-D), Shannon-Wiener (H'), Mc Arthur's N 1 and Hill's N 2 indices, species richness and Smith-Wilson's evenness index (E var ) were calculated in different vegetation layers using ecological methodology software (Krebs 1999) . The Kolmogrov-Smirnov test was used to study the normality of diversity; richness and evenness data in different gaps, then ANOVA and Tukey's tests were performed using SPSS software. 
RESULTS AND DISCUSSION
Totally 8 trees, 5 shrubs and 30 herbaceous species were identified in the studied area. The species composition of three different gaps categories were as follows: Small gaps include 28 plant species (including 7 trees and 21 herbaceous species), medium gaps include 37 species (including 7 trees, 5 shrubs, and 25 herbaceous species) and large gaps include 40 species (including 7 trees, 4 shrubs, and 29 herbaceous species) ( Table 2) .
Tree saplings had maximum diversity in large and minimum diversity in small gaps, respectively. Tukey's test revealed that there were no significant differences among diversity values of sampling layer in different gaps (P>0.05) ( Table 3) .
The diversity values of shrub species were significant differences among different gaps (P<0.05) and had maximum amount in the medium gaps (this values were not calculated in small gaps because no shrubs were observed) ( Table 4) .
Herbaceous layer indicated maximum diversity value in large gaps and minimum diversity value in small gaps. Tukey's test showed that there were significant differences in herbaceous species diversity values among the gaps (Table 5) .
The highest species richness was observed in herbaceous layer and the lowest was found in shrub layer. The large gap indicated the highest mean species richness (Table 6) .
Maximum evenness value was obtained in tree saplings and shrub layers, and minimum was found in herbaceous layer in the medium gaps. There were significant differences between large and medium gaps in shrub layer and also between three gaps categories in herbaceous species layer (Table 7) .
The Jaccard's index indicated that there were maximum similarity between woody species in large and medium gaps, and minimum similarity was between medium and small gaps. In the herbaceous layer, maximum similarity was obtained between medium and large gaps and, minimum similarity was between small and large gaps (Table 8) . Based on our results, abundance of tree saplings varied in different gaps. The most variation was observed between small gaps and other categories, While the difference between medium and large gaps were not significant. Maximum abundance of tree saplings was found in the medium gaps. The total species abundance (especially Fagus orientalis) severely declined with increasing in gap size. Large gaps are exposed to direct sunlight which caused the establishment of invasive herbaceous and shrub species (as competing elements) and increasing soil dryness. Therefore, it will prevent the establishment of beech regeneration (Takeh et al. 2004; Peltier et al. 1997; Mousavi 2001) .
Several researches have reported that some herbaceous species (e.g. Rubus sp., Petris sp.) influenced the survival of beech saplings by providing canopy (Taheri 2000; Espahbodi and Tabari 2004) . But some others claimed that beech saplings were not able to compete with Rubus sp. or other herbaceous species (Savill 1991; Harmer 1995) . Ersali (1999) reported that presence of competing herbaceous species increases water consumption, and on the other hand reduces the establishment of tree seedlings. However, based on Helliwell (1982) , the beech saplings were more successful than the light-demanding plants (e.g. oak and maple species) in competing with herbaceous species.
Diversity
The important impact of cutting in species diversity has been reported in several researches (e.g. Heywood and Watson 1995; Nagaike et al. 1999; Okland et al. 2003) . Our results revealed that the high diversity of tree saplings was in large gaps which it is consistent with previous researches of Yamamoto (1989), and Hall et al. (2003) . However, the diversity differences among three categories of gaps were not significant.
Shrub species diversity was significantly high in medium gaps and declined in small (with the light shortage) and large gaps (with increasing in light and herbaceous competition). This result is in agreement with previous studies of De Granper and Bergeron (1997) , Pourbabaei and Ranjavar (2008) .
The herbaceous species diversity was increased in large gaps (300-400 m 2 ). Vast cutting area and more light penetration favored the growth of light-demanding species, increased species richness and cover percentage. This result supports the previous surveys by Scheller and Mladenoff (2002) , Schumann et al. (2004) , Nelson and Halpern (2005) , Pourbabaei and Ranjavar (2008) .
Our findings indicated that the richness of tree species (included 7 species) were similar in three gaps categories, While shrub species richness varied among different gaps size, and it was minimum in small gaps due to lack of light. The herbaceous species richness was different among different gaps.
Species composition
The current result showed that species composition varied in three categories of gaps and supported the previous result of Boudreau and Lawes (2005) . However, the medium and large gaps composed of more similar woody and herbaceous species. Many factors including environmental and physical evidences such as soil moisture, texture and fertility (Hutchinson et al. 2007 ), light variations (Rozenbergar et al. 2007 ) and selection methods especially single selection (Malcolm and Ray 2000) influence the composition and abundance of plant species.
Species composition changes with increasing in gap size (Coates 2002) and it is often from pioneers in the early successional stage, towards climax species in later successional phases (Mc Evoy 2004) . In open canopy, the heliophyte pioneers species will grow very fast and this will cause establishment of shade tolerant species in understory. But very large open canopy the heliophyte pioneers species grow rapidly and change the species composition (Moore and Vankat 1986; Deal 1997; Leniere and Houle 2006) . The significant role of gap size in providing rich species composition, diversity and creating desired successional communities were reported earlier (Whitmore 1989; Mc Carthy 2001; Goleij 2006; Liu et al. 2011) .
CONCLUSION
The gap size has significant effects on plant species diversity which it has major role in forest stability and sustainable production. Based on the results of present study, gap sizes up to 400 m 2 improve the species diversity and this is recommended for forest harvesting. So, different gap size should be prepared in broad-leaved forest management strategies, which create multiple storey, heterogeneity, species diversity, mixed composition and regeneration to provide ecological stability of these forests.
